The CH 2 Cl 2 crude extract and a fraction enriched with halogenated monoterpenes of the Brazilian red alga Plocamium brasiliense were evaluated for cytotoxicity and against the virus HSV-1. The extract showed low cytotoxicity compared with the fraction containing monoterpenes. The crude extract showed, in vitro, a high reduction of infectivity of the virus HSV-1.
Several species of the red algal genera Plocamium, Laurencia, Ochtodes, Portiera and Chondrococcus produce a variety of monoterpenes with a surprising degree of halogenation (containing only ten atoms of carbon). The presence of halogenated monoterpenes in Plocamium species also allows the investigation of new therapeutic agents [for example, [1] [2] [3] [4] [5] [6] [7] .
The algae of the genus Plocamium are described as being characteristic of the cold temperate climate with a few species, such as P. hamatum and P. brasiliense, occurring in warm waters. P. brasiliense is reported from the states of North and South Carolina in the United States [8] ; from the Islands of Trinidad & Tobago [9] and Netherlands Antilles [8, 10] in the Caribbean Sea and from Colombia [11] , Venezuela [8, 12] and Brazil [8, 9, [13] [14] [15] in South America. Although many halogenated monoterpenes have been isolated from Plocamium spp., the antiviral activity of these compounds type is unknown.
Herpes simplex virus type 1 (HSV-1) infections are among the most common human diseases and may cause oral disorders, keratoconjutivitis and encephalitis infections that may vary in severity from sub-clinical infections to those that cause the death of the individual [16] . The transmission of HSV-1 occurs by direct contact of skin or mucosa with secretions containing the virus. Soon after their entry, the viral particles are transported through the sensory neurons to the trigeminal ganglion, where they can establish latent infections throughout the life of the host [17] . Most clinical anti-herpes virus compounds are nucleoside analogues, such as acyclovir (ACV), which is the most common drug used in treatment of HSV infections [18, 19] . Nonetheless, during long ACV-based treatment, drug-resistant HSV strains frequently emerge due to the reduced expression or non function of timidine kinase. This may be related to the use of high doses of therapeutic or prophylactic ACV [20] .
The present study aims to evaluate the antiviral activities of the crude extract and a fraction containing monoterpenes (named fraction F) against HSV-1.
The algae were collected in Armação de Búzios, Rio de Janeiro State Brazil. The crude extract and the fraction containing monoterpenes (denominated fraction F) were further evaluated for cytotoxicity and anti-HSV-1 activities. Fraction F was determined to contain 3 and other unidentified halogenated monoterpenes. An MTT-based cytotoxicity assay was used to evaluate the cytotoxicity and anti-HSV-1 activities of the crude extract and fraction F from the Brazilian red alga P. brasiliense. Briefly, MTT [3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole] is a yellow water-soluble dye that is reduced by living cells to a purple formazan product and, therefore, can be used to detect metabolic dysfunction. The amount of MTTformazan produced can be determined spectrophotometrically at certain wavelengths (usually between 500 and 600 nm) and defines the concentration required for 50% inhibition of Vero cells (CC 50 ). Our results showed that fraction F was more cytotoxic, since its value was 80% against 20% from the CH 2 Cl 2 extraction. This result depends on the concentrations (µg/mL) of the substances (Figure 2 ).
A reduction of 2 logs of infectivity was evident for crude extract of P. brasiliense compared with the values obtained with control HSV-1 (Table 1) according to the TCID 50 method. The high cytoxicity of fraction F (with a value of 34.5 µg/mL compared with 84.9 µg/mL for crude extract) prevented its use in the anti-HSV-1 assay.
Three halogenated monoterpenes were detected (1-3) from the Brazilian red alga P. brasiliense. These chemical components may be of little use in separating the species of Plocamium as they are very similar to those of other species of this genus [4] [5] [6] [21] [22] [23] [24] [25] [26] .
Many investigators have reported the inhibitory effects of algal extracts and their compounds on the replication of HSV-1, with special emphasis on sulfated polysaccharides [27] . In this study, we showed that the antiviral activity of crude P. brasiliense extract was effective against HSV-1. The extract polarity was not compatible with common polysaccharides extraction, suggesting other classes of compound were important to the antiviral activity. The crude extract is rich in halogenated monoterpenes, suggesting these as potential drugs. However, the results with the fraction may indicate a selective action of these substances. 362 and 10.363) .
The air-dried algae (50 g from Praia Rasa and 100 g from Enseada do Forno) were extracted with CH 2 Cl 2 (100%) at room temperature. Evaporation of the solvent under reduced pressure yielded the crude extract (580 mg and 1.2 g, respectively) as a brownish residue. The crude extract from Enseada do Forno (1.2 g) was subjected to silica gel column chromatography (3 x 40 cm) eluting with n-hexane (3 fractions of 100 mL each), n-hexane/CH 2 Cl 2 4:1 (4 fractions of 100 mL each), n-hexane/CH 2 Cl 2 7:3 (4 fractions of 100 mL each), n-hexane/CH 2 Cl 2 3:2 (4 fractions of 100 mL each), n-hexane/CH 2 Cl 2 1:1 (4 fractions of 100 mL) and EtOAc 100% (4 fractions of 100 mL each) to give a total of 23 fractions. 
Cell line and virus:
Vero cells from kidneys of African green monkeys (Cercopithecus aethiops) were grown in DMEM (Dulbecco's modified Eagle's medium) supplemented with 5% fetal bovine serum (SFB), 100 U/mL of penicillin, 100 μg/mL of streptomycin and 2.5 μg/mL of amphotericin B (Fungizon). The cultures were maintained at 37ºC in an atmosphere of 5% CO 2 . The cells were treated with PBS-1X/EDTA (Reagen) and 0.25% trypsin (GIBCO) so as to achieve the experimental conditions. HSV-1 was kindly provided by Dra Marcia Wigg (Universidade Federal do Rio de Janeiro, Brazil). Virus stocks were stored at -70°C until use.
Cytotoxicity assay: Monolayers of about 10 4 Vero cells in 96-multiwell plates were treated with several concentrations (10-0.1 µg/mL.) of the crude extract and fraction F of P. brasiliense for 72 h at 37ºC in an atmosphere of 5% CO 2 . Then, 50 μL of a 1 mg/mL solution of 3-(4.5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT; Sigma) was added to evaluate cell viability, according to procedures described elsewhere [28] . The 50% cytotoxic concentration (CC 50 ) was calculated by linear regression analysis of the dose-response curves. All experiments were performed in triplicate at least 3 times.
Antiviral activity:
The antiviral activities of the crude extract and fraction F were investigated according to Reed and Munch 50% end point method [29] . At first, Vero cells grown to confluence in 96-well plate were infected with HSV-1 (AR-29) at 1 multiplicity of infection for 1 h at 37 ºC. After that, infected cells were washed with PBS to remove residual viruses and complete culture medium, with or without derivatives, were added. 72 h after infection, the virus titer of each sample was determined in terms of the 50% tissue culture dose (TCID 50 /mL) by end point dilution. In addition we used Mock-treated HSV1-infected cells as a positive control. 
